A novel group of asymmetrical and symmetrical acyclic enediyne-triazole conjugates have been synthesized by using Sonogashira coupling and Click chemistry.
Introduction
In the decade of 1970`s and 1980`s enediyne chemistry captured the imagination of chemists and biologists throughout the world since the discovery of highly potent anticancer and antimicrobial agents natural product enediynes such as calicheamicin, 1 esperamicin, 2 dynamicin, 3 neocarzinostatin, 4 N1999-A2, 5 maduroptin, 6 namenamicin, 7 shishijimicins, 8 and uncialamycin. 9 The anticancer activity of these compounds is due to the presence of highly unsaturated 1,5-diyne-3-ene unit that undergoes cycloaromatization and generates benzene-1,4-diradical, 10, 11 which causes cell death. 12 In order to improve the biological activity of the enediynes, efforts are being made to synthesize analogues with better efficacy. [13] [14] [15] Apart from anticancer activity, synthetic enediynes are known to exhibit cytotoxicity against various cell lines, 16, 17 protein degradation activity. 18 and topoisomerase inhibitory activity. 19 To the best of our knowledge, none of the synthetic enediynes were synthesized as triazole conjugates, which could be the new area of research. To this end, we have synthesized, 20, 21 and explored various approaches, 20, 21 for improving the biological activity of enediyne based compounds and this paper deals with the syntheses and characterization of a novel group of acyclic asymmetrical and symmetrical enediynes-triazole conjugates by using standard Sonogashira coupling and "click chemistry".
(7-Azidohept-3-ene-1,5-diynyl)benzene 5 was used as an intermediate for the syntheses of acyclic enediynes-triazole conjugates 6-15, (Scheme 1). Cis-dichloroethylene 1 (1.0 equiv.) reacts with 2-(prop-2-ynyloxy)tetrahydropyran (1.0 equiv.) under standard Sonogashira coupling conditions to give 2-(5-chloropent-4-en-2-ynyloxy)tetrahydropyran 2, which undergoes a second Sonogashira coupling to give 2-(7-phenylhept-4-ene-2,6-diynyloxy)tetrahydropyran 3. Bromination of enediyne 3 in presence of PPh3/Br2 affords (7-bromohept-3-ene-1,5-diynyl)benzene 4 (Scheme 1). 27 Later enediyne 4 was reacted with NaN3, (6.0 equiv.) to give (7-azidohept-3-ene-1,5-diynyl)benzene 5 in very good yield, which has been used as an intermediate for the synthesis of acyclic asymmetrical enediyne-triazole conjugates.
The classic Huisgen 1,3-dipolar cycloaddition often gives mixtures of regioisomers, but the copper-catalyzed reaction allows the synthesis of the 1,4-disubstituted regioisomer specifically. 23, 29 Thus the intermediate 5 (1.0 equiv.) reacted with different substituted terminal alkynes (4.3 equiv.) in presence of sodium ascorbate (0.4 equiv.), CuSO4.5H2O (0.22 equiv.) in tBuOH/H2O (1:1) leads to the formation of acyclic asymmetrical enediyne-triazole conjugates 6-15, (Scheme 1).
Scheme 1
At the same time 1,8-diazidooct-4-ene-2,6-diyne 18 was used as an intermediate for the synthesis of acyclic symmetrical enediyne-triazole conjugates. cis-Dichloroethylene 1 (1.0 equiv.) and 2-prop-2-ynyloxytetrahydropyran (2.0 equiv.) undergo Sonogashira coupling, to give 1,8-bis(tetrahydropyran-2-yloxy)oct-4-ene-2,6-diyne 16 which undergoes bromination in 
Experimental Section
General. All of the chemicals used in the synthesis were purchased from Sigma-Aldrich and were used as such. Thin layer chromatography was used to monitor the progress of the reactions. All of the compounds were purified over silica gel column (60-120 mesh). Solvents were distilled prior to use. Melting points were determined on a Glassco melting point apparatus (Cat. no. 514.303.01). IR(KBr) spectra were recorded using Perkin-Elmer FT-IR spectrophotometer and the values are expressed as νmax cm −1 . Mass spectral data were recorded on a Jeol (Japan) JMS-DX303 and micromass LCT, Mass Spectrometer/Data system. The, 1 H NMR and,
13
C NMR spectra were recorded on Bruker Spectrospin spectrometer at 300 MHz and 75.5 MHz, respectively using TMS as an internal standard. The chemical shift values are recorded on δ (ppm) scale and the coupling constants (J) are in Hz. Elemental analysis for all compounds were performed on a Carlo Erba Model EA-1108 elemental analyzer and data of C, H and N is within ±0.4% of calculated values. Differential scanning calorimetry (DSC) traces were recorded on a Pyris 6 Differential scanning calorimeter of Perkin Elmer Corporation as a peak value at a heating rate of 10 o C.min -1 . The maximum temperature mentioned in the data is for, an exothermic peak. At that highest temperature the compound either decomposed, cyclized or forms diradical.
General procedure and spectral data 2-(7-Phenylhept-4-ene-2,6-diynyloxy)tetrahydropyran (3). 27 To a stirred suspension of Pd (PPh3) . 27 To a stirred suspension of PPh3 (5.67 g, 21.63 mmol) in CH2Cl2 (50 mL) at 10-15 o C under nitrogen atmosphere, followed by the careful and slow addition of bromine (3.46 g, 21.63 mmol). Then, 2-(7-phenylhept-4-ene-2,6-diynyloxy)tetrahydropyran 3 (3.60 g, 13.52 mmol) was added dropwise to the reaction mixture at the same temperature. The reaction mixture was stirred at room temperature for 45 min and the progress of reaction was monitored by thin layer chromatography. Excess of solvent was removed under vacuo and crude product was washed by cold hexane and purified over SiO2 column using 5% EtOAc/hexane as an eluent. Yield: 98%; DSC: 158. To a stirred solution of (7-bromohept-3-ene-1,5-diynyl)benzene 4 (3.57 g, 14.56 mmol) in DMF (20 mL), NaN3 (5.68 g, 87.38 mmol) was added at room temperature. Progress of reaction was monitored by TLC and reaction took 4-6 h to complete. The reaction mixture was extracted with CHCl3 (6 × 30 mL), and combined organic layer was washed with water (6 × 250 mL). The organic layer was dried (Na2SO4) and solvent was removed under reduced pressure. The crude product was purified over SiO2 column using 5% EtOAc/hexanes as an eluent. General method for the synthesis of asymmetrical enediyne-triazole conjugates (6-15) To a vigorously stirred suspension of (7-azidohept-3-ene-1,5-diynyl)benzene 5 (1.0 equiv.) and alkynes (4.2 equiv.) in t-butyl alcohol, a solution of CuSO4.5H2O (0. -4-ene-2,6-diynyl)-4-(tetrahydropyran-2-yloxymethyl)-1H-[1,2,3 1-(7-Phenylhept-4-ene-2,6-diynyl)-4-phenylsulfanylmethyl-1H-[1,2,3 -1-(7-phenylhept-4-ene-2,6-diynyl)-1H-[1,2,3 
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1,8-Diazidooct-4-ene-2,6-diyne (18)
To a stirred suspension of 1,8-dibromooct-4-ene-2,6-diyne 17 (4.0 g, 15.26 mmol) in DMF (20 mL), NaN3 (11.9 g, 183.20 mmol) was added at room temperature and reaction allowed to stirred for additional 4 h. The progress of reaction was monitored by TLC. After completion of reaction, reaction mixture was extracted with CHCl3 (630 mL), and combined organic layer was washed with water (6 × 250 mL). The organic layer was dried (anhydrous Na2SO4) and solvent was removed under reduced pressure. The crude product was purified over SiO2 column using 10% EtOAc/hexanes as an eluent. 
General method for the synthesis of symmetrical enediyne-triazole conjugates (19-23)
To a vigorously stirred solution of 1,8-diazidooct-4-ene-2,6-diyne 19 (1.0 equiv.) and alkynes (9.0 equiv.) in t-butyl alcohol, a solution of CuSO4.5H2O (0.46 equiv.) and sodium ascorbate (0.86 equiv.) in distilled water was added. The amount of t-butyl alcohol and distilled water was kept 1:1. The deep yellow mixture was stirred vigorously at ca. 45 o C for 2-3 h. The progress of reaction was monitored by thin layer chromatography. After completion of reaction, the reaction mixture was extracted with CHCl3 (5 × 10 mL) and dried (anhydrous Na2SO4). Excess of solvent was removed under vacuo. The crude mixture was purified over SiO2 column using EtOAc/hexane as an eluent. -1H-(1,2,3-triazol-1-yl) 
1,8-Bis-[(4-trimethylsilyl
